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TECHHICAL NOTE 2898 


THEORETICAL CALCULATION OF THE PRESSURE 

DISTRIBUTION, SPAN LOADING, AND ROLLING MOMENT 

DUE TO SIDESLIP AT SUPERSONIC SPEEDS FOR THIN SWEPTBACK 

TAPERED WINGS WITH SUPERSONIC TRAILING EDGES AND 

WING TIPS PARALLEL TO THE AXIS OF WING SYMMETRY 

By Kenneth tfergolis, Windsor L. Sherman, 
and Margery E. Hannah 

SUMMARY 


On the basis of linearized supersonic-flow theory, an analysis was^ 
undertaicen to determine the pressiire distribution, span loading, and 
rolling moment due to small angles of sideslip at supersonic speeds for 
a series of thin, sweptback, tapered wings with wing tips parallel to the 
axis of wing symmetry. Three basic series of L&ch number and plan-form 
combinations are considered, all of which have supersonic trailing edges 
in conjunction with one of the following: (a) both leading edges sub- 

sonic, (b) one leading edge subsonic and one leading edge supersonic, 
and (c) both leaxiing edges supersonic. In addition to the Mach number 
limitation resulting from the supersonic -trailing-edge condition, the 
tip Mach lines may not intersect on the wing. 


Results obtained for the configuration with both leading edges sub- 
sonic include formulas for the pressuire distribution, span loading, 
rolling moment, and the corresponding stability derivative C7 . For 

P 

configurations with a supersonic leading edge, formulas for the pressure 
distribution are presented. 


Calculations covering a range of aspect ratio, taper ratio, Mach 
number, and leading-edge sweepback are presented for wings with both 
leading edges subsonic. All the wings treated showed negative values 
of C^p for positive angles of attack and positive values of C^^ for 

negative angles of attack. 
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INTRODUCTION 


A nvmiber of papers dealing with, the theoretical calculations of 
stahlUty derivatives for thin isolated wings at s\q>ersonlc speeds have 
heen published to date. Wing plan forms that have been treated in detail 
include the recteingular, trapezoidal, triangular, and modified- forms of 
the triangular wing. (See, for exangple, refs. 1 to 10. ) An important 
group of plan forms for which there are as yet incon^jlete data consists 
of the sweptback tapered wing with wing tips parallel to the axis of 
wing symmetry (usually termed “strearawise" tips for wings with zero 
sideslip). The lift-curve slope is covered in detail in refer- 


ences 11 to 15; the damping-in -roll derivative in references 11, 

12 , 16 , and 17 ; the damping due to steady pitching ^stability deriva- 
tive ^ references I 7 to 20; the pitching moment due to angle of 

attack ^stability derivative references I 3 , I 8 , and 20; the 

lift due to steady pitching ^stability derivative ^ references I 8 

and 20. Some results for the lift and pitching-moment derivatives pro- 
duced. by constant vertical acceleration and presented 

in reference 21. References 22 and 23 treat the lateral force and yawing 
moment due to steady rolling ^stability derivatives and 


The present paper is primarily concerned with the rolling moment due 
to sideslip ^stability derivative Reference 2h treats this deriva- 
tive ^and also the yawing-moment derivative of the conical- 

flow theory as previously utilized in references 13 ^ I 6 , and 19 for other 
derivatives. The analysis given in reference 2h applies specifically to 
that family of plan forms for which all edges are subsonic, althou^ the 
equations may also be applied to wings with subsonic leading edges and 
supersonic trailing edges. The development therein is quite congplex and, 
as a result, calculations are presented for only two plan forms. 

The combinations of wing plan form and tfe,ch number considered herein 
all have supersonic trailing edges in conjunction with one of the fol- 
lowing: (a) both leading edges subsonic, (b) one leading edge subsonic 

and one leading edge supersonic, and (c) both leading edges supersonic. 

A minor restriction (which, for practical configurations, materially 
limits the range of Mach numbers for very small aspect ratios only) is 
that the Mach lines emanating from the wing tips may not intersect on 
the wing. 

For the configuration with both leading edges subsonic, an approxi- 
mation based on Eward's approach (ref. 25) for the tip region is utilized 
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in conjunction with conical-flow results for the remaining wing region. 
(See refs. 11 and I 8 for analogous treatment of other wing motions. ) 
Formulas for the pressure distribution, spanwise loading, and for the 
stability derivative 0-^^ are derived as functions of wing geometry 

and Mach number. Numerical, results are presented in the form of graphs 
showing illustrative spanwise loadings and the variation of the deriva- 
tive with Mach number for a range of aspect ratio, taper ratio, 

and leading-edge sweepback. 

For configurations with a supersonic lea din g edge, expressions for 
the pressure distribution are derived for all wing regions by using 
Eward’s method (ref. 26). 


V 

M 

B 

P 

AP 

Cp 

0 


• b 


X 

A 


SYMBOIS 


free-stream velocity 

free-stream Mach number, V/Speed of sound 
Mach angle 

cotangent of Mach angle, \/l^ - 1 
density of air 

local pressirre difference between upper and lower surfaces 
of wing, positive in sense of lift 


pressTire coefficient. 



perturbation velocity potential evaluated on upper surface 
of wing 

■wing chord at spanwise station y 

wing span 
wing root chord 


taper ratio. 


Tip chord 
Root chord 


aspect ratio. 


= 2b 

S Cj,(l + x) 
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■wing area 

y 

nondimensloiiaJL Bpanwlse coordinate^ — — 

t/2 

value of n at spanwlse station where tip Mach line from 
left half -wing intersects trailing edge of left h al f -wing, 


h 

B , 

A(1 + X) 

”1 - “sI 


^ + m3 

ni2 B(1 - m^) 


value of n at spanwise station where tip Mach line from 
ri^t half -wing intersects trailing edge of ri^t half -wing. 


B , - ”3 


”1 B(X + M 3 )_ 

A(1 + x) 



— + — 

B(1 + mg) 

angle of attack, radians 

angle of sideslip, positive as shown in figure 1 , radians 

angle between leading edge of wing and axis of wing symmetry 
(see fig. 1 ) 

leading-edge sweepback (see fig. l) 

angle between trailing edge of wing and axis of wing 
symmetry (see fig. l) 


B tan 6 
B tan 6 
B tan p 


2c^ tan 6 
b 


geometric parameter of wing. 


AB(1 + X) 



NACA TN 2898 


5 


S^j- area of integration 

B tan(e + p) - 1 


kl - 




B tan(e + .p) + 1 
B tan(e - p) + 1 


B tan(6 - p) - 1 


1 - B tan p 


c = 


d = 


B tan p 
Mb 


2 (cos p + B sin p) 



2 (cos p - B sin p) 


X; y , 
s, t 
a’., t' 
u, T 

L' 


'8c- 


"'P ^ Up /, 


. . P|^ specific points used in aprpendixes 

rectangular coordinates (see fig. l) 
rectangular coordinates (see fig. 3 ) 
rectangular coordinates of source points 
ollique corrdinateb (see fig. 5) 
ollique coordinates of field points 

rolling moment 

PTE 

airfoil-section lift coefficient, -i- / Cp dx 

EE 

wing rolling -moment coefficient, LyipV%b 


P— >0 


r* 
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con5)lete elliptic integral of second kind with 


modulus 

\jl - 

nit/2 1 

/ \/l - fl - m-,2)sin^z dz 


( 

J 0 




1 

E'(mi) 


When the subscripts I, H, . . . XIV axe used on a symbol, they 
indicate different wing regions. The symbols LE and TE refer to 
leading edge and trailing edge, resi>ectively. 


AMLXSIS 

Scope 


Thp general plan form considered in the present paper is sketched 
in figure 1; note that the wing tips are parallel to the axis of wing 
symmetry (usually referred to as streamwise tips for wings with zero 
sideslip). The analysis is siibject to the usual restrictions and well- 
known limitations of the linearized supersonic -flow theory that are 
applicable to \flngs that have vanishingly small thickness and zero 
camber, that is, thin flat plates. 


The range of Mach numbers considered permit the inclusion of all 
plan forms provided that the trailing edge is supersonic and that the 
tip Mach lines do not intersect on the wing. A genereil idea of the 
types of plan-form — Lfeich line configurations that are permitted may 
be obtained from figure 2 . These configurations may be divided into 
three groups: (a) both lea^ng edges subsonic, (b) one leading edge 

subsonic £ind one leading edge supersonic, and (c) both leading edges 
supersonic. 


For the class of configurations with both leading edges subsonic, 
expressions are derived for the pressxore distribution, span loading, 
rolling moment, and stability derivative . Numerical results for the 


span loading and stability derivative are presented in graphical form. 
Inasmuch as fiurther ceilculations may be desirable, it is useful to know 
the permissible range of geometric parameters and Mach number for which 
these aforementioned derivations are valid. When expressed explicitly 
as mathematical restrictions on the parameter B cot A, the conditions 
of subsonic leading edges, supersonic trailing edges, sind no tip Mach 
line intersections on the wing eire given as follOTfs: 



For AB 


. 4(1 + B tan p) + A tan p(l + X) ll - B tan B - tan p cot A 

(1 + X) ^ — 

2 - tan p cot A 


AB(1 + X)(l + B tan P) 


4(1 - X)(l + B tan p) + A(1 + X)(B - tan p) 

For AB(1 + X. 

AB(1 -k X)(1 + B tan P) 


^ B cot A k 1 - B tan p - tan p cot A 


[4(1 + B tan p) + A tan p(l + X^ [l - B tan p - tan p cot ^ 

^ ■ 11 I I ^ wm w iiH II , 

2 - tan p cot A 


4(1 - X)(l + B tan p) + A(1 + X)(B - tan p) 


^ B cot A S- 


AB(1 + X)(l + B tan p) 


4(1 + B tan p) - A(1 + X)(B - tan p) 


For the claBses of conflguratlonB with one or "both leading edges supersonic, expressions 
are derived for the iiressure distribution- 


All formulas and expressions for pressure dlstrihutlonB, span loadings, and moments are 
given in a body system of axes (see fig. l). The resulting stability derivative may be 


used directly In stability calculations without recourse to transfer terms Inasmuch as the 
derivative has the same value in either body or stability systems of axes to the second order 
In a (the angle of attack). 


General Considerations 


mV\ a ^ ^4* »-*>* 4-^ /-i T ^ 1 4 t-t A 4 4^ i rt ^ a . ▼wnT ^r\ 4 4 — 1 r 

J.I It? y*i ir^j^ o AO XD \jxs cxullcx ^.aav.; u wx Wd^jjXLOb av,/a.tL uxv^xua x wx vxxp k/\a-l — w ^ ^ 


potentlEil that satisfy the wellf-known requirements for linearized flow, 
regarding the approximation used. ) . 


(See ref. 11 for details 


Consider a thin wing at an angle of attack in a sideslipping nxition. T3ie disturbance- 


A X.-. .•JX'U XVi... 

jy lUttJf ue XOJ-ai.^4. Vl^ UU 0AC5» CLJ-JOHSU. W4.0U UUC u UL'CCllil ^UflUCfcJ-JLjr xaxcxxcu. 

to as wind axes ) or with respect to axes that are fixed in the body (body axes ) . As Indicated 


VCJJJUXLOr UVli l^JLtVX 
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in reference h, for small angles of sideslip the linearized 

equation for the velocity potential has the same form relative to either 
system of axes. The potentieil expressed relative to wind axes is a func- 
tion of the sideslip angle p, whereas the potential expressed relative 
to body axes is independent of sideslip. The distribution of lifting 
pressure AP is expressible in terms of the perturbation velx5cities 
evaluated on the upper wing surface as follows: 

For wind axes (see fig. J,)j • 


AP = 2pV 

8s 


( 1 ) 


and the change in pressure distribution with sideslip results from the 
change - in the potential function with sideslip. 

For body axes and small sideslip (see fig. 3 ) the following approxi- 
mate expression for AP is valid for wings or portions thereof that are 
swept behind the leading Mach cone and are not infl-uenced by wing-tip or 
trailing-edge distiirbances : 


AP = 2 pvf^ - 3 — 
\8x 'dy) 


( 2 ) 


The change in pressure distribution with sideslip results from the term 
-p since 0 for this approximation is independent of sideslip. The 

expression for 0 in this case is exactly that obtained for angle of 
attack in the absence of sideslip. 

For the wing configuration with both leading edges subsonic, it has 
been found profitable to utilize both systems of axes in determining the 
pressure distribution. For the wings with one or both leading edges 
supersonic, the wind-axes system (eq. (l)) has been used excl\isively to 
obtain the pressure distribution. After the pressure distribution is 
known, appropriate Integrations will yield the spanwlse-loading parameter 
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and the rolling-moment coefficient 

f \)/2 


(>*) 


The stability derivative is then readily obtained: 


'8c-, 


Cj- - 


P \8p 


( 5 ) 


P — ^ 0 


Detailed Considerations 


Wing vith both leading edges subsonic . - For the configuration with 
both lea-ding edges subsonic (see fig- 4)^ the wing is divided into 
three regions, one region external to the tip Ifech cones (region l) and 

two tip regions (regions II and IH). For small sideslip angles 

eqiiation (2) is utilized to obtain the pressure distribution for region I. 
(Equation (l) is also applicable, but a simpler expression equally accu- 
rate to the first order in p is obtained by tise of the body -axes 
system.) In the tip regions, the wind-axes system is used (eq. (l)). 

-An approximation for the velocity potential (based on Eward's method, 
ref. 25) which was previously used in reference 11 is modified to take 
into account the sideslip condition. Separate derivations are required 
for the two tip regions since the wing tip of region II acts as a leading 
edge whereas the wing tip of region HI acts as a trailing edge. Thus, 
the pressure along the tip of region II becomes infinite , and the pres- 
sure along the tip of region III must be zero according to the Kutta- 
Joukowski hypothesis. 

Expressions for the pressure distribution are derived in appendix A 
for these three regions. Figure 5 is to beoised in conjunction with 
these derivations . 


The pressure distributions have been analytically Integrated to 
yield the span loading and the rolling moment. The stability deriva- 
tive C^p has also been obtained. The resulting expressions are pre- 
sented in appendix B. Values of the elliptic function E' (which 

appears in some of the equations) are obtainable from figure 6. 

Wing with one leading edge subsonic and one lead.ing edge supersonic . 
The wing with one leading edge subsonic and one leading edge supersonic 
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is stLown in figure 7- Derivations of the presstire distribution for wing 
regions IV to VTII are based on tbe method of reference 26 and are pre- 
sented in appendix C. The pressure-distribution equation for region II, 
previously derived in appendix A, is also presented in appendix C (in 
the notation used for the supersonic-leading-edge configurations). 

¥ing with both leading edge supersonic . - Figure 8 presents the wing 
with both leading edges supersonic. Note that, althovi^ there are nine 
wing regions to be considered, there are only six regions remaining that 
require the derivation of pressures; the pressure distribution for 
regions IV, VI, and VTII have already been obtained in appendix C. The 
derivation of pressures for regions IX to XIV based on the method of 
reference 26 eire carried out in appendix D. 

It should be noted that configurations with other Mach line and 
plan-form combinations and with one or both leading edges supersonic 
are possible. All wing regions of such configurations, however, are 
merely duplicates of those already treated in appendixes C and D. (For 
exanqile, see fig. 9- ) Thus, the pressure distribution is obtained for 
these wings by choosing the appropriate formulas from appendixes C and D 
for the various wing regions. 


DISCUSSION AND PRESENTATION OF KESimTS 


The derivations given in appendixes A, C, and D enable the calcu- 
lation of the pressiire distribution due to small sideslip for a given 
wing provided the wing trailing edges are supersonic, the wing tips are 
parallel to the axis of wing symmetry, and the Mach lines from the two 
opposite side edges do not intersect on the wing. As has been previously 
indicated, there are l^f possible wing regions formed by Mach line and 
wing-edge boundaries each of which requires a separate derivation for the 
pressures. If the pressure distribution is desired for a given wing, the 
wing must first be subdivided into the various regions. (For exan 5 )le, 
see figs, k, "J , 8, and 9* ) appropriate pressure-distribution equa- 

tion must then be used to calculate the pressure in each region. For 
convenience, an index to these equations is given in table I. 


The wing plan form with both leading edges subsonic has been treated 
in detail. The pressure distribution has been analytically Integrated to 
yield the span loading eind the rolling moment. Differentiation then 
yielded the stability derivative C-j . Based on the equations presented 

in appendix B, conqnitations have been carried out for a number of plan 
forms at various Mach numbers. 


Some illustrative variations of the span loading for ^ = 0°, 2°, 
5°, and 10° at Mach numbers of 1.2 B.nfl 1.5 are presented in figiares 10 
and 11. It will be noted that there is a more or less abrupt change in 
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slope at ttiose spanwise stations where the tip Mach cones intersect 
the wing trailing edge. This discontinuity in slope is diie to the 
abrupt change in pressures across the Mach cone hovmdary (see refs. 11 
and 13 ). 


Variations of the stability derivative Ct with Mach number are 

- P 

presented in figures 12 to 16 for families of wings of aspect ratio 2., 
3^ k, 5f and 6 . All the wings treated showed negative values of. 

for positive angles of attack and positive values of C^p for negative 

angles of attack. 


CONCLUDING REMARKS 


On the basis of linearized supersonic -flow theory, equations for 
the pressvire distribution have been derived for thin, sweptback, tapered 
wings sideslipping at a constant angle of attack. The analysis is appli- 
cable to plan forms for which the wing tips are parallel to the axis of 
wing symmetry and at supersonic speeds for which the wing trailing edge 
is supersonic. A minor restriction is that the Mach cones emanating 
from the opposite side edges may not intersect on the wing. 


The plan form with both leading edges subsonic has been analyzed in 
detail. Eqiiations for the span loading, rolling moment, and the corre- 
sponding stability derivative Ci have been obtained. Illustrative. 

P 

span loadings and variations of the derivative Ci^ with Mach number 
are presented for a number of wings. 


Langley Aeronautical laboratory. 

National Advisory Committee for Aeronautics, 
Langley Field, Va., November 21, 1952. 
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APPENDIX A 

DERIVATION OF EQUATIONS FOR THE PRESSURE DISTRIBUTION 
FOR ^raiGS WITH BOTH LEADING EDGIS SUBSONIC 


Equations are derived for the pressure distributions for wings with 
both leading edges subsonic- The plan form under consideration is shown 
in figure it-. 

Region I .- As given by equation (2), the expression for AP for 
region I is 

(z^),-2pvgl-pgl) (Al) 

where is the velocity potential applicable to a wing at an angle 

of attack in the absence of sideslip. From reference 4, the velocity 
potential evaluated at the upper surface of the wing is 


01 


VaV 


x^tan^e - y^ 


E*(B tan e) 


(A2) 


Thp perturbation velocities 
by differentiation 


80 J 

and are then readily obtainable 

8x ^ 


and 


^ ^ aV tan^€ x 

8x E' (B tan e ) ,/ 2^ 2 2 

yx tan e - y 


(A3) 


^I ^ aV ^ 

^ E’(B tan e) ^^^tan^e - y^ 


(Al.) 
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Siibstitution of equations (A3) and (a 4) into equation (Al) and 
division 'bj yields the pressure -distribution equation in coef- 

ficient form: 



(^)l _ Ita _ X tan^e + ^y 
i py2 ■ E' (B tan e) ^^tan^e - 


(AS) 


Region II . - It may be shown from references 25 and 11 that the 
velocity potential evaluated at the upper surface for a wing at a con- 
steint angle of attack may be approximated as 



0(s,t) = ^ / / -■ ■■ 

^ ' % \l(s - B’f - B^(t - t’ f 


(A6) 


where is a defined region of integration, s', t ' are the rectan- 

gular coordinates of source points, and s, t are the rectangul ar coordi- 
nates of field points at which the potential is desired. The s- and t-axes 
(which correspond to the x- and y-axes \ised in refs. 25 and 26) are wind 
axes; the s-axls,ls alined wl1ii the free-stream velocity vector. Eward 
(ref. 25) fo\md it convenient to xise on oblique u,v coordinate system in 
which lines of constant u and constant v are parallel to the Mach lines. 
The u,v system is related to the s',t’ system as follows: 




= |(- * u) 

- = 

+ Bt’ ) 



= i(v - u) 

u = -^(s' 
2B 

- Bt' ) 




V -- 

■+ Bt) 

> 

(A 7 ) 


II 

03 

- Bt) 






ds* dt' 



14 


MCA TN 2898 


In -the u,v notation, equation (a 6) teconies 


Sw - v) 


(A8) 


and, when applied specifically to region n, is 


du 


iv/kg V^v - \J^ - ^ 


Mit 


(A9) 


Information pertinent to the limits of integration and axes notation is 
given in figure 5. 

PerfoiTTiing the integration indicated in equation (A 9 ) yields 


4Va 


*TL = '‘ 3 V + 1^3^ ^ 




(AlO) 


Differentiation with respect to s may he ceirried out as follows: 


^II ^ ^II 


w 


8s 8u^ 8s 8vj^ 8s 


(All) 


From equations (AY), 


8s 


8y 


w 


8s 


iL 

2B 

iL 

2B 




(A12) 


and differentiation of equation (AlO) leads to expressions for 

and ^^/8vy. After the indicated operations are performed and some 
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sin 5 )llfication is made, the following expression for* 80jj|8s results: 



yg /I . ^ , 


(^2 - 1 ) 


- k3Vy + kgd 

ko^v - -Uw 


(AI3) 


It is convenient to express equation (AI 3 ) in terms of the hody-axes 
variables x eind y and wing geometry. The variahlea u^ and v^. 

may he transformed into s and t hy means of equations (AT). The 
variahles s and t are in tirm related to x and y hy the rotation- 

of-axes formulas 


s = X cos P - y sin 
t = X sin P + y cos 



(Allt) 


Combination of the two transformations given hy equations (A 7 ) and (Alii-) 
yields 


jx(l + B tan p) + y(B - tan p^ 


> 




M cos 


2B 

1: 


The constants kg, k^, and d- are expressible as 

B tan(e - p) + 1 


^ = 


k3 = 


d = 


B tan(e _ p) _ i 

1 - B tan p 
1 + B tan P 



2 (cos p - B sin p) 


(A15) 


(A16) 
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It may "be noted that, for all equations presented in both appendixes A 
and B and for all equations pertaining to vlngs -with one leading edge 
subsonic, the constant kg may be written as 


1 + B tan(e - p) 
1 - B tan(e - p) 


VJben the relations given by equations (A15 ) and (A16 ) are used, the 
expression for 80 /8s given by equation (AI 3 ) may be rewritten as 



Va 

2 tan p 



X tan 6 + y 

itjl + B tan p 

\Jl + B tan(6 - p) ^ 

f 

(1 + tan 6 tan p )| 



+ 


. 2 tan(6 - p) j(| - + tan 6 tan p) 

^1-f-B tan(6 - 


(AI 7 ) 


From equation (l). 


(AP)jj - 2pV — 


or 


(°p) 


it ^ii 
II V 8s 


(A18) 


Substitution of equation (AI 7 ) into equation (AI 8 ) yields 


(^) 


8a 


it]jl + B tan P|/l + B tan(e - p) 


tan p I 


X tan G + y 




tan(G - p)i 


- y)(l + tan e tan p) 
X tan, 6 + y 


(AI 9 ) 



3L 


mCA TN 2898 


17 


Region HI .- !Ehe derivation of the pressure distribution for 
region III is analogous to that of region II with certain exceptions. 
The limits of integration for the potential are, of course, different 
(see fig. 5) and the Kutta-Joukowski condition is linposed on the 
velocity 80/3s at the tip. (The tip of region HI acts as a subsonic 
trailing edge whereas the tip of region II acts as a subsonic leading 
edge. ) 


Neglecting for a moment the flow conditions at the tip results in 
the following expression for the potential: 


>"111 Mit 


nv. 


w dv .. 




du 


k-c \Z^w - ^ 


(A20) 


Performance of the integration indicated in equation (A20) yields 


^ hVa , ^ |^3^w - % + 

]j ^ 


(A21) 


Differentiation with respect to s (see eqs. (All) and (A12)) yields 


80, 


III Va 


8s 


]/^ Brt 

(^3 - H 


(l + ki),l-^ + 


^ + kiVT^ 


"w + ^1""’ 


w 


^3^w - 


(A22) 


In order to satisfy the Kutta-Joukowski condition at the tip, 

= 0. The first reidical of the ri^t-hand side of eqiia- 

Tip 

tion (A22 ) becomes zero at the tip whereas the second radical becomes 
infinite. Reference 26 shows that the proper solution is obtained by 
appropriate cancellation of the infinite velocity at the tip. The 
correct expression is given as 



^III _ Va 

(~\ jL. V N 

^3^W - + c 

8s ^ Bjc 


% + ^l^w 


(A23) 



18 


MCA TN 2898 


Transfonnation to the x^y system yields 


^in ^ 2Va tanCe + p) 

^ ^ ^(1 ~ B tan P)[b taji(e + p) + V 


(y + ^^(1 - tan e tan p) 


X tan e - y 


(A24) 


where the parameters k2_ ant^ c have been replaced hy 


ki = 


c = 


B tan(e + p) - 1 

B tan(e + p) + 1 

« 



2 (cos p + B sin p) 


(A25) 


(See eqmtions (A15 ) and (A16 ) for other pertinent substitutions . ) 

k ^in 


The pressure coefficient 


V 8s 


is then obtained 


(M 


8a tan(s + p) 


in 


(y + - tan e tan p) 


rt^|B tan(6 + p) + ^ (l - B tan p) 


X tan e 


(A26) 
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For ^ n < 0 , 



For nj ^ n ^ 1 , 
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where n is the nondlmens lonal spanwise coordinate , n4 is the 

h/2 

value of n at the spanwise station where the tip Mach line from the 
left half -wing intersects the trailing edge of the left half -wing 


I^ 

■g + Dio 

1 ^ 

A (1 + X) 

mj_ B^l - 213) 

B 

— + 


mg 

B(1 - m 3 ) 


and nj is the value of n at the spanwise station where the tip Mach 

line from the ri^t half -wing intersects the trailing edge of the ri^t 
half -wing 


B , 

k 

m^^ R^l + 'm2^ 

A (1 + X) 


B ® - “3 

— + ^ 

fflg B(1 + 


Rolling moment .- Appropriate integration of the span loading 
yields the roUing-^noment coefficient 





p/2 

-h/2 


yCy'C^ 


dy 


(b6) 


where the miniis sign has heen introduced to maintain the usual convention 
for moments. The following formula resiilts: 



jffip I .bV |(”i^ - ^ j]^ ^ ^)^(°1^ - V) ^ *V>K ^ ^)(V ^ "b) * - ^) 

^ _//; _ s\ 1 / . „\3 r ^n 3 

ji»ii;\KA - m,-i \ a(_.i; _ i loM.f». + lil 


lf^(-2 + 1)J 



j^.i (“1 + - "8®) + + »a) 



■^VCb + 

NJ 


1 [y(‘tBl* - l) ♦ 3^^ - aaefci - * ^)^("].^ - ”e^) * * h ) * afee^(^ - ^ 




l£Aa J taia i - tan ^ 

j( tan «i/(l + oot ti td ^)[1 + oot |i t«n(« - $j](l + tan < tan p) 3(oot D tan « + 1) 


-if s oot 6 - cot tin ^ n =o^> * + ootfn + p), ^ 

I — -= - + tan • 0Ot(n + p) - l + ;— !-i(oot O tan » + l) 

tan t - tan p M a( 1 + X) Z Ad-H)*- -* 2 ^ 

3[i - ton f oot(M + P^ I oot 0 + oot(u + p) oot 8 + flot(n + p) 


oot 9 + oot(^ + p) 


/ n Art+ f, = « faitan < oot(n + p) - i) 

oot ■ -f 

i ' ~ I + "* ■ — U i' ■ ^ ~i. I ■*? 

i(l + V) 2 A(1 + X) Z 


r^^ "‘ ~2 A(: r^)- ^ y - " ' -- (oot Ptan . ti; 

oot ft + COt(u + p) 1 oot. a + cot(^i + p) oot ft + COt(jl + p) 


IN’"' /r 


tan p(cot ft tan f + 1) 


I ton p(cot ft tan. f * 1 - l) 


+ tan t - ton 


“n 1 o W4 t 1 1 I cot f + oot(u «f p) ^ 2 1 ^ I 

p i A(H-X) I ] 2 Afl + 1) 1 ^ A(1 t 1) 1 ^ 

J[5 2(oot 6 tan « + 1) | [ afoot 8 + ootfn + p)l ® a(oot 8 tan » + l) f 


3[oot ft + 0 Ot(ji + ® a(«>t a tan * + 1) 


^tan pfl - tan « cot(u + tan < oot(M + p) tan p tsn c - tan p 




oat t + oot(ii + P) - 


A(1 + X) ton f <sot(|4 + p) 

' _ n * Tit ! r; 


-\r- . f,_jj Blron D + oon(,M + py 0[i - xan t oonn + p^j ^ 


(Equation continoed on next page) 
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f 


fort S t*n « + 1 S tin r 


I « + 1 S tin i r 4.^ . ”1 

A(1 + -titt p ftM3i ^ tan t*n p \ i A(l + X) 

t B im r + 1 ^ ^ ^ oot B tm f + l/l5 oot B t*ui • + 1 


oat f + catllM + $) — r (oot B t»n t + l) 

Ap. ■» t tfta « oot 6 t«3i » + 1 

cot B -I- oot(ti ^ B) A(1 + x) a 

1 tm 4 oot 6 tm 9+1 
A(l + X) 2 


* — —I oot f + OOtjl + P) - , 

1 - t« . cctii + pjl + t« . «t(« + p)l 

I . o<rt(n * s[i - t» • ort&i + L ^ 1 - ttt € aotOi + 1^ oot IS + «otCi + IS) -i J 


l6AaVl - tBD t tan P tarn 


/ r . « ■ B - i] r , octo. - p) - g + * ”* 4 * - fU <^ 

»(c ^ p) » JlMi.v).^ » Jy r 1 


tBn(< + p) + ^ (1 - aot Pr tan f) 


-3|oot B + cotC^ - P^j 


'—±— + a - cot ,n r t r _■ ^1 ^ cot - g), 

aXi+>.> « + -* * 


’oot D tan f + l) } 


sj^ B + cot(p - p^ 


’ ■ . . r 

I t tm i oot B tag f + J 1 taa f 
|Aa+ X) " I ]a( 1+ X) " 


k ' oot B - OOt(u *• p) / . . V 

——5 — f - oot c + ■ ^ (cot 6 tan f + 1) 

^(i + x) i ■ J 


oot B + oot{p - p) 


(oot B tan < + 1) 


a oot a + cot&i - p)" 1 \ 

joct6.-P)t«cta[pct0s -■,)*«=.,. ! j.) . 

[cct 6 s-p)t.= .-j L r ■ ~ 


< _■ A cot B - 

r - r > " - oct f + ■ 

| t tm ■ oot B taa f t 1 | 1 tan f cot B tan f t 1 2 tan f A(1 + X) 

[a(A + a) I _ [aP + X) I xP + X) oot B + ootii - p) 


cot B - oot^i - p) 


i(oot B tan « + l) 


. .isOA 


I tan < ^ cot B taa f + 1 
A(i + x) a 


ootpi - p)tan a 
isfi - ootii' - p)tan r| 


■ — -|cat|i - p)tan < - ^ ^ + oot|i - p)tan < oot B 

A(1 + X) 


oot B + Art£u - p) 


cot B tan f 'f 1 
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Stabillly derivative Cj^.- Differentiation of equation (B 7 ) with respect to p and 

letting p approach zero yields the stahlllty derivative C7 : 

ip 


ro 

4:^ 


-O' 


AB 


- »i») L(ajS - 1^®)® 1 


+ 1 ) + - ii» 3 .a - 3»lS)]^^ + ^)^(V - -a*) + “Vh + ^)(V + -s) + 


+ ^)] 


bj 8 

^.1 (“1 + ^){“ 1 ® - * 8 ^) + + " s ) *1 


l /-£® - 

■ iV(*a + ^) * l"sl 



J(1 - ^)* 


- 1 ) + 3=1^ -t»na(»i - - »a®) + + »a) + - 1 ) 


[-x(-* ^ ^)] 






.1 -^"b) 

-l(*S ^ 


Bto axifii 

(1 + t«a f cot (i)^^ 1 


art a - not < ^ a B(t«a « oot ii - l) ^ (aot < + cot n)(°Pt 8 tan « ■» l) 


E ^ + x) A{1 + \) 


eot B 4 . «rt n 


art 8 + .cot 11 


3/8 


3 


t«a 


3(oot 8 ton « + 1) 3(1 - oot 


^1- 

M ton «) 


oat 5 


+ 8 . art ^ - 1 ) ^ 

8 A(X + X^ A(1 ♦ X) » 


i + cot M )(oot 0 tan « + l) 


I 


i/a 


oot 0 + oot ^ 


* 1 

tan i • — 

^ A(1 + 


t «31 4 


X)(aot & tan « <f l) 


cot * + cot 4 Z 


g *(1 ■» A) _ 

a(oot 8 + cot |i) ^ 
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ton 4 

1 tu 4 cot p tu f 

oot 4 + oot p 1 

a - A(1 + 1) 

1A<1 + X](cot 8 tu 4+1) 

1 - oot P tu 4 3 

i S(eet 8 + oct p) 


QOt p tan < 


[wh A taw ^ X 7 ■ »■■■ j 

■ 


L * *(i + X}. 


tu 4 


B tu r + 1 cart & t*a 


• 1 ^ t» t J 

1 * + ll^ A (1 + » t»o « + 1 ) 


. . -_L _ k Hr . . . . .1 

I I”' • ** ~ . *? rfufc o s*n 1 + A| 

I j A (1 4 X)J ^ t tm « eot & t« 

gg^ ° A(1 + X) ‘ 1 


ttt c + 1 


2 ttt f ^ vt 6 taa c + 1 
A(1 + X) i 


1 f oot ^ tm f tu c \ _n 

e^T - oot M tu f V 2(l - oot ^ ba f } 1 - cot ^ tu 4 / 


cot ff -f atrt u . . 


A(1 + X) 


oot t + oot |l 


-^1 - oot p tn 4) + cot p ton f 




ri tu f (1 + tan 4 oot p )^* 


oot 8 - oot 4 3 t . ^ ^ ^ 

« ^ I(I t X) * °°* '* ~ ^^ * - i (oot»t«...n) J- 


oo* o + coo p 


oot B + oot p 


uo^p tn^f 


( *m« \ ,J 
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•ot Q - oot f 2 f oot H - 1) , oot « + oot ii> 
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[3(«rt 8 t« . ♦ 1) 3(1 - cot ^ t« j(l . oot p t«f)* 
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oot 8 + oot u 
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* Kit 1 ) 


UUV D 4- ooc p 


g tn f oot 8 tu 4 -t- £1 

(It X) » J 


S(ODt 8 + cot p) 


atto_f oot p . 1 ) (cot « + not «)(tra » oot 8 + 1)' 
A(1 + X) * 


(oot 8 + cot n)* 

[ •^(tan « cot 11 - 1) (oot « + cot p)(oot 8 tiai » + 1^^ 

. A(1 + 1) i j 




" 




ftnt .ootatui+l 



A<1 + X) 2 


■ 

' 

I(t«» « oot ( - 1 ) (oot « + oot n)(cot 8 t«E « + 1 ) 

Vs 


A(l + 1 ) 1 

^cot 8 + oot p) 


(cot a + oot p)* 



cot « 4> oot pa “1 

S A(1 + 1) 1 ^ , 

A(l + X)(oot 8 tu f + in 

l(oot8 + ootp) 8 2A(1 + l)(oot 8 t«n + 1 ) 


(Equation contiriued on next page ) 
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emt p I kjl. + x) ^ ■oh n tm c 
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[i(l t X) « J 

Mi + x) * 

1 

\^(*ot 6 + *ot p) 

-—5 — 4oot p taa t 
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Equations (BT) and (b 8 ) could Be sinqpllfled Boanewiiat But the effort involved and the 
resultant saving of calculation time did not appear to justify such action. 


(*) 
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APPENDIX C 

DERIVATION OF EQUATIONS FOR THE PRESSURE DISTRIBUTION FOR WINGS WITH 
ONE LEADING EDGE SUBSONIC AND ONE LEADING EDGE SUPERSONIC 

Eqmtions for the pressiire dlstritrutions for wings with one leading 
edge subsonic and one leading edge supersonic are derived. The plan form 
\mder consideration is shown in figure 7. 

The expression for the perturbation potentieil at any point ^u^, v^.^ 
on the wing is given by equation (a 8) of appendix A. 



It has been shown in reference 26 (see pages 
perturbation velocity 80/8s may be expressed as 


29 and 30) that the 


8s 


Va dv - du 

/p^(u,v) \/(u, - u)(v„ - V) 


(Cl) 


where the integral in equation (Cl) is a line integral evaluated along a 
segment of the wing leading edge or edges and f(u^,v^) is a function 

that can assume different values depending on the boundary conditions 
imposed on the flow. The values that f^u^^v^^ assumes for the p\arposes 

of the present paper are as follows: 

(a) For wing regions not influenced by a wing tip or by a subsonic 
leading edge emd for wing regions influenced by a wing tip wherfe the 
Kutta-Joukowski condition is satisfied, 




(C2) 
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(b ) For virig regions influenced by the wing tip on tbe ri^t half - 
wing but not influenced by a subsonic leading edge on the left half -wing, 


- '' 3 ) 


lv„ + 


ks(v^ - d) 


Bit’ 




;N - 


(03) 


(c) For wing regions influenced by a subsonic leading edge on the 
left half -wing but not influenced by the wing tip on the ri^t half -wing. 



(04) 


(d) For .wing regions influenced by both a subsonic leading edge on 
the left half -wing and the wing tip on the ri^t half -wing. 



(The terms ri^t half -wing and left half-wing refer to those portions 
of the wing plan form that are in the (x,y) quadrant and in the (x, - y) 
quadrant, respectively. (See fig. 1. ) ) 

The pressure coefficient is related to the velocity 80/8s as 
follows : 

^ V 8 s 


or by using equation (Cl) 

T P2(u,v) 


Cp = 4 


a 


dv - du 


2Bit 


(Pl(u,v) - v)(u^ - u) 




(C 6 ) 
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Equation (C6) gives the pressure coefficient in the coordi- 

nate system which is related to the x,y body -axes system of the present 
report by equations (A15 ) of appendix A. Inasmuch as it is more con- 
venient to use the body-axes system in determining loadings ani^ moments, 
the final expressions for Cp are given in the x,y notation. 

The expressions for the pressvire coefficients for regions IV to 
VIII (see fig. 7 ) ™sy iiow be derived by using equations (C6), (A15) 
the appropriate value of the function f ^u^,v^) as given by equa- 
tions (C2), (C3), (CU), and (C5). 

Region IV .- Region IV is the hatched portion of the wing shown 
below. 
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Inasmuch as region IV is not influenced "by either wing tip or by the 
subsonic leading edge on the left half -wing, the appropriate value of 
f(uy.,v^^ is given by equation (C 2 ). When the procedure given in refer- 
ence 26 is followed and the appropriate relations and limits are substi- 
tuted into equation (C6), the expression for the pressure coefficient in 
region IV may be written as follows: 


(cp) 


(C?) 


Performance of the Integration Indicated in equation (C 7 ) yields 


(Cp) 


IV 


2a 

"b" 


-1 ■ 


(C8) 

■ I 


Region V .- Region V is the hatched portion of the wing shown below. 



/TT 
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;5L 


Point 

u coordinate 

V coordinate 

Pq 

u 

w 


Pi 



P 2 

-^l^w , 


^3 




Inasmuch as region V is influenced hy a subsonic leading edge on the 
left half -wing, equation (Ck) gives the appropriate value of f^u^,v^). 

Upon substitution of the proper functional relations and limits into 
equation (C6) the pressiire coefficient is given as 




Brt 


’w 




+ l)dv 


\j(u^ + kiv)(v^ - v) 



(C9) 


Performing the integration indicated in equation (C9) and application 
of equations (A15) yields 


2a 1^1 + 1 ll ^ ' 

|(1 - B tan p) - ki(l + B tan p) 

X - 

p) *-l(® “ p) 

y 


(1 - B tan p ) + kj^(l + B tan p^ 

X + 

k^(B - tan p) - (B + tan p^y 



l|a ^ ^ 

' (-S 

|(1 - B tan P)x - ^ 


|(B + tan p)y 

Bx kg ^ 

(1 + B tan p) - -1 

-(1 - B tan p) 

X + 

(B - tan p) + — (B + tan p) y 
kg 


(CIO) 
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portion of the wing shown 


I* 



u coordinate 






V coordinate 


”w 




k3(v^ - d) 




^3 



w 


tip on the right half-wlngj there - 
Vv) is given "by equation (C3)« Upon 

into equation (C6), the pressure 
















^ 


ka 1 (^1 + t \ I ^ ^ 

L ^(% + ^l-X-yr - ^j ^ 

. j 1=1 


(cn) 


Performing the integration indicated in equation (Cll) and application of equations (A15) yields 


(Op) 


Ukj^ + k2)(l + B tan P)x + - tan p)y - 


coB^P(l + B tan p) 


COB^P(l 


+ B tan 0 )'^^ ' 


s(^ - ‘^), 


(l + r^Vl + B ten p)x + (l + r^Vs - tan p)y - . ^ - 

\ 1=1/ \ 1=1/ ki cos^p(l + B tan p) 

3 

I Ti D > f 


(CIE) 


coB^P(l + B tan p) 
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Eeglon Vn . - P a VH Is • the hatched portion of the -wing shown 
helow. 



Point 

u coordinate 

V coordinate 

Pq 


^w 


-kiU^/kg 

^Az 

?2 

^3(^v - 

-kl 

^3 

^3K - 


B 


^A2 


















Region VII is influenced Iiy 'botli the wing tip on the rl^t half -wing and hy the suljBOnic 
leading edge on the left half -wing; equation (C5) gives the proper value of f^u^,v^). Substi- 
tution of limits and functional relations into equation (C6) yields 


('^)vn ■ 


n-k3(vy-d) 


2B« 




+ i)av 




+ 


^(yv - i) 




ko - 1 


IV - k3(T^ - 4) ^ 


TV + 






^ (C13 ) 


Performance of the integration indicated in equation (CI 3 ) and the use of equations (A15) yields 




2“ cofl-i 


1 + - B tan p) - k]_(l + t tan p) 


(-?) 


(B + tan p) + k]_(B - tan p) 




[(1 - B tan p) + ki(l + B tan p^x + [ki(B - tan p) - (B + tan p^y 



^ ^ tan -1 

+ k^^(l + B ton p)x + ^ 

2 Bk,d 

)(B - tan p)y - ■ 

' M COB P 

^ 1 

I 2 B I 


1 . 

oofl 2 p(l + B tan p)' 




IR) 

|(1 + B tan p)i + ^ 

|(B - tan p)y - 

1 & 2 . o°a P 

1 p rb .A 


(014) 


00B^P(l + B ton p)' 


UJ 
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Region VTII . - Region VHI is the hatched portion of the wing shown 
helow. 



Point 

u coordinate 

V coordinate 

Po 


^w 

P_ 

- =) 

- c 


"^3 

• ^^3 


-^l^w 


^3 
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- c 
^3 
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Region VIII is influenced by the wing tip on the left half -wing, which, 
because of the flow inclination caused by sideslip, has the character- 
istics of a subsonic trailing edge. Inasmuch as application of the 
Kutta-Joukowski condition at the tip is desired, equation (C2) must be 
used to obtain f^u^,v^) for this region. Upon substitution of the 

appropriate limits and relations in equation (c6) the pressure coef- 
ficient in region VIH is given by 


(^) 


VIII 



(ki + l)dv 

\l(^ + kiv)(v^ 




(CIS) 


Performance of the integration indicated in equation (C15) and application 
of equations (Alb) yields 


'vin 



2i;iB 

i 


1 

0 1 

cos''p(l - B tan p) 

^ J 

(1 + - B tan p)x - (1 ^Vb + tan p)y ^£5 

\ ^3/ . \ ^3/ coB^pd - B tan p) 


(C 16 ) 


Region II , - The expression for the pressure distribution for 
region II (see fig. 7) has been derived in appendix, A (eq. (AI9)). For 
pixrposes of con?>leteness, equation (AI9) is given below in -^e notation 
used in this appendix. 


(Cp)' 

Bit k2 


2B 

cob^B( 1 + B tan B) 




(1 + B tan p) - —(1 - B tan p) x + (B - tan p) + — (B + tan p) 3 

^ J L _ 




(1 + B tan p) - -1.(1 - B tan p) 


(B - tan ■ p ) -I- (B + tan p ) 


^ ^ 

co 8 ^p(l + B tan p)'^ ^ 


(CI 7 ) 
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APPENDIX D ' 

DERIVATION OF EQUATIONS FOR THE PRISSURE DISTRIBUTION 
FOR ^-rCNGS WITH BOTH LEADING EDGES SUPERSONIC 


Equations for the pressure distrlhution for wings with both leading 
edges supersonic are derived in this appendix- The plain form under con- 
sideration is shown in figure 8. The method used in appendix C for 
deriving the pressure formulas is also applied to this new class of 
wings. Act ual Ty , regions IV, VI, and VIII (see fig. 7) have already 
been treated in appendix C. The formulas for the pressure coefficients 
are given hy eqioations (C8), (C12), and (Cl6). Corresponding results 
for the remaining wing regions are derived in this appendix hy using 
equations (A15) of appendix A and equations (C2), (C3), and (C6) of 
appendix C. 

Region IX .- Region IX is the hatched portion of the wing shown 
below. 


f 




/IT 


\ 
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Point 

u coordinate 

' V coordinate 
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0 

0 

Po 


^w 

Pi 


-^A2 

P2 

-^l^w 

^w 


Inasmuch as region IX is n6t influenced by either wing tip, equa- 
tion (C2) gives the proper form of f^u^,v^^^ for this region. 

Substitution of proper limits and relations into equation (C6) 
gives the following equation for the pressure coefficient: 



Performance of the integration indicated in equation (Dl) and appli- 
cation of equations (AIS) yields 




2g, kg + 1 

kgCl + B tan p) - (l -,B tan p^ 

X + 

j^(B - tan p) + (B + tan p^ 

y 

— ' ■ COS 

1^(1 + B tan p) + (1 - B tan p)^ 

1 

X + 

kg(B - tan p) (B + tan p^^ 

|y 


2a ’"l + 1 „_„-l 1 

^1 - B tan P ) - ki(l + B tan p^ 

X - 

j^B + tan p) + k]_(B - tan p^ 

y 

— ■ — COS — 

k;^(l + B 'ton p) + (1 - B tan p) 

X + 

jkj^CB - tan p) - (B + tan p) 

y 


(D2) 
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limits and relations into equation (C6) gives the following equation 
for the pressure coefficient in region X: 



Performance of the integration indicated in equation (D 3 ) and application 
of equations (AJJ 5 ) yields 


^ ® P) " (1 - B tan + [^(B - tan p).+ (B + tan p^y 

C08 I I I ' I H ill — .' ■Ill I PI I . . ■—I .1—1 III m, n il II.III^I I 1^1 

® B) + (1 - B tan P^x + k2(B - tan p) - (B + tan p) y 


2a + 1 ..... [ft - B tan P) - + B tan p^x - [b + tan p + k.i(B - tan P^y 

— — COS* — — , ■ — .1,. 

[kl(l + Btanp)+ (l-Btanp^x + ^^(B - tan p) - (B + tan p^y 




f 




















ttie proper limits and relation Into equation (C6) glTCa tbe following equation for the pressure 
coefficient in region XI; 


C» 



(D5) 


Performance of the integration indicated In equation (D5 ) and application of equations (A15 ) 

yH la T g 



2a 1^2 + 1 

-- B tan p) + k2(^ + ® - 

1 ~ ^ C03~^ — - 

(B + tan p) + t — tan p) 

2Bb 1 

oo«^p(l + B tan p) 

T fT- 1 
V"2 

jf r 

^(1 +-B tan p) + 1 - 

“11“ — 1 ^ 

B tan + ^^(B - tan p) - (B + tan p^y 


/l + — + B tan bIx + (% + .-3.^ 




V 


. . .('B - tan BVv - 

V V 2 


Bb 


ooB.p(l + B tan p) 


2B 


(l + B tan p)coa^p 




(D6) 


•t=- 


ui 


MCA TN 2898 



r 


T 


Point 


u coordinate 


T coordinate 













MCA TN 2898 




Inasmuch as region XII is not influenced hy either the right or left 
wing tip, equation (C 2 ) gives the correct value for f(u^,v^). The 

proper substitutions of limits and relations into equation (C6) give 
the following equation for the pressure coefficient in region XU: 



2g 


(k2 + l)du 


Performance of the integration Indicated in equation (D7) yields 


(D 7 ) 




2a ^ 1 

B ^ 


(d8) 


Region XIII .- Region XIH is the Mtched portion of the wing shown 
below. 
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Eegion XIII is influenced ly the left wing tip which, because of 
the asynnnetric flow caused by the sideslip, has the characteristics of 
a subsonic trailing edge. Inasmuch as the Kutta-Jouhowski condition is 
to be satisfied at this tip, the correct form of f(u^,v^) is given by 

equation (C2). 

The substitution of appropriate limits and relations into equa- 
tion (C6) gives the following equation for the pressure coefficient in 
region XIII; 

(0,) = ^ (D9) 

XIH 2Brt J " ■^) 

Performance of the integration indicated in equation (D9) and the appli- 
cation of equations (A15) yields 


(*^) 


xin 



1 

- B tan ^)x - ^1 + + tan p)y - 


2a ^ ^ 

1 2 

cos^p(l - B tan p) 


1 - — xan 

[' i 

( 1*4 

cOB^p(l - 3 tan p) 

(DIO) 
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Region XIV . - Region XiV is 1116 hatched portion of the wing shown 
helow. 
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Region XIV is influenced "by the left wing tip. Inasmuch as the 
Kutta-Joiikowski condition is in^josed at this tip, equation (C2) gives 
the correct form of f^u^,v^^. Substitution of the proper limits and 

relations into equation (C6) gives for the pressure coefficient in 
region XIV. 


fCp) =2a ry (^^2 + (ki + l)dv 

XIV Brt Jo ^(u;f + kgv) (v^ - v) Jo |/(u^ + kiv)(v^ - v) 

(Dll) 

Performance of the Integration Indicated in equation (Dll) and appli- 
cation of equations (A15 ) yields 



2a ^ ^ _1 

1^(1 + B tan p) - (1 - B tan p) 

X + 

|^(B - tan p) + (B + tan p) 

y 


1^(1 + B tan p) + (1 - B tan p^ 

X + 

kg(B - tan p) - (B + tan p) 

y 


2 * ^ cos-1 . 

[(1 - B tan p) - ki(l + B tan p) 

X - I^B + tan p) + kx(B - tan p^y 


^3_(1 + B tan p) + (1 - B tan p^ 

|x + |ix(® - p) 


+ ^Vi - B tan p)x - (1 + ^ 

^-Vb + tan p)y ^ 

tan-1 1 

V ^3/ V 

!/ cob‘^P( 1 - B tan p) 

^ ^ I 

Zk^ 



1 

cos^p(l - B tan ' 


(D 12 ) 
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TABLE I 


INDEX TO PRESSURE COEFFICIENTS FOR 
VARIOUS WIRG REGIONS 


Wing region^ 

Equation for Cp 

Page 

I 

(A5) 

13 

n 

(AI 9 ), (CI 7 ) 

16,39 

HI 

(A26) 

18 

IV 
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IX 
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• (D4) 
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XI 
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XU 

(d8) 

47 

XIII 

(DIO) 

48 

XIV 

(D12) 
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Hj’ing regions are identified in figures h, J , 8^ and 9- 
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Figure 2.- Effect of Mach, number on the Mach Une-plan-form configuration 
for a given wing with an angle of aidesllp of 3°. Dashed lines are 
Mach llneB. 
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Figure 7*- Wing regions for the plan form vlth one leading edge Bubsonic 
and one lead in g edge Bupersonlc. Dashed lines are Mach llnee. 
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Figure 8 .- Wing regions for the plan form vlth "both leading edges super- 
sonic. Dashed lines are Mach lines. 
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/\/1ach number 

Figure 13 •- Variation of tlie etabil"lty derivative Cj0 wltli Mach, number 
for various vlngs of aspect ratio 3 *- (All angles measured In radians 
results are valid for both body and stability systems of axes.) 



Mach number 

Figure l4.- VeLTiatlon of the eljabllity derivative vith Mach number 

Tor variouH vliag'B of aspect ratio if. (AH angle b meaBored in radlanB^ 
resultfl are valid for hoth body and stability systems of axes. ) 
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Figure 15.- Variation of the stahllity derivative with, Mach number 

for various wings of aspect ratio 5. (All angles measured in radians 
resviLts are valid for both body and stability systems of axes.) 
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Figure l6.- Variation of the stahiUty derivative C^p with Mach number 

for various wlngB of aspect ratio 6. (All angles measured In rad ians ; 
results are valid, for "both "body and stability systems of axes.) 
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